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Abstract 
This study has three main goals, first, to map the flow structure in a channel using a unique technique named Large Scale Particle 
Image Velocimetry (LSPIV). Second, to test the sensitivity of LSPIV results to LSPIV parameters (e.g., Interrogation Area, and 
Searching Area). Third, to test the capability of LSPIV method in predicting the magnitude and direction of flow velocity in a 
complex flow structure. An LSPIV system was set to observe 14 (fourteen) runs of laboratory re-circulating trapezoidal open 
channel with a sudden expansion-constriction shape in its middle reach. LSPIV technique was successfully mapping the core flow 
and the swirling motions near the wall in the expansion-constriction reach. In the core flow region, longitudinal velocity, U, estimate 
was sensitive to the interrogation area and searching area parameters, while lateral velocity, V, estimate was insensitive to those 
parameters. The opposite condition occurred in the wall region. The maximum forward flow velocity U was 0.56 m/s occurred in 
the core flow region. This value was closed to channel bulk velocity Ubulk=0.4 m/s measured using flow meters. The largest 
backward velocity was 0.068 m/s, obtained in left wall region where the swirling motion occurred. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering 
Forum (EACEF-5). 
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1. Introduction 
This study implemented the capabilities of Large Scale Particle Image Velocimetry (LSPIV) to predict the surface 
velocity vectors in a complex flow structure. The goals of the study can be divided in three folds. First, maping the 
flow structure in a channel using LSPIV technique.Second,testing the sensitivity of LSPIV results to the LSPIV 
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parameters (e.g., Interrogation Area, and Searching Area).Third, testing the capability of LSPIV method to predict the 
magnitude and direction of flow velocity in a complex flow structure. 
A series of experiments were performed in a laboratory applying an imaging technique known as LSPIV introduced 
for the first time by Fujita [1].Basically, this technique has a capability to identify the flow structure and measure the 
surface velocity by recording and analysing the movement of a group of particles (structure) moving with the flow. 
The surface velocity was measured by identifying the distance of displacement of moving particles and dividing it 
with the time interval between the two successive images. LSPIV is recognized as a very powerful technique in 
identifying the flow structure in the order of magnitude larger than turbulence scales in the large water body [2].This 
capability cannot be found in equipment that can only measure local velocity such as ADV. The LSPIV can capture 
instantaneous velocity in a large number of points at once on the water surface [1,3]. This capability allow us to map 
the flow structure in the stream such as the swirling motion around a hydraulic structure, reversed flow region, 
secondary flow near the outer bend, etc. at a lower cost. The other advantage, this technique is a non-contact 
/nonintrusive technique that can give more accurate result compare to the intrusive one. The detail on the theoretical 
approaches used for this method can be found in [1, 4, 5]. 
2. Experiment Set Up 
A re-circulating open channel with a trapezoidal shape was prepared to perform the study (see Fig. 1) in the 
laboratory. This system was equipped with a pump (3HP) to re-circulate water and sediment. In the middle reach of 
the channel, a sudden expansion-constriction shape (Fig. 1) was developed. This area of expansion and constriction 
would be the area of interest where the flow pattern was unique characterized with swirl flows near the channel wall, 
an ideal place for testing the accuracy of LSPIV technique in the case of mapping complex flow pattern. Sands were 
poured on the bed of the channel to mimic the natural bed roughness.  However, the channel bed at the entrance of the 
flow was covered with cement blocks to avoid headwater scour. A wooden trash rack was applied at the upstream end 
of the channel to develop a quasi-steady uniform flow in the channel.   
A high definition digital video camera (Sony HDR HC 1) was used to record the flow in the channel. The suitable 
specification of camera recorder is dictated by the turbulence flow scales and the scale of any disturbances in the flow. 
This would be discussed later in the experiment run section. The camera was harnessed above the channel and adjusted 
with a tilting angle of 70 degrees such that it pointed perfectly upon the interested area. The best tilting angle of the 
camera is 90 degrees, in other words, the optical axis is perpendicular to the flow. Kim reported that 10 degrees is the 
acceptable limit [6]. Small tilting angle results in highly distorted images which are difficult to correct with the image 
transformation algorithm [5,6]. 
The images produced by the camera must be clear, have a good contrast and no glare and shadow on the water 
surface. Such quality of image would allow the LSPIV software to detect the movement of particles on the water 
surface more accurately [7] and therefore resulting in reliable flow field map. To obtain the required images, in this 
study, the interested area was illuminated using two halogen lamps (Fig. 1). The facility was surrounded with blue 
plastic curtains (Fig. 1) to protect the area from uncontrollable natural lights.  All other lights not from those two 
halogen lamps were shut off to simply control the illumination intensity.    
Six reference points (A, B, C, D, E, and F) were assigned exactly on the water surface around the defined area of 
interest (Fig. 2).  The physical coordinate (X,Y) of these points were determined by measuring their distance (in meter) 
from point A (0,0) both in lateral and longitudinal directions. These coordinates were then required as input data in 
the image transforming process for removing image distortion due to the distance between lens and the targeted object, 
or due to the oblique angle between the camera recording axis and the imaged flow [1].Therefore, all these reference 
points must be visible in the recording window of the camera. 
3. Experiment Run 
The open channel was a re-circulating system. To start the experiment, water was pumped into the channel with a 
constant discharge through the upstream end and collected in a basin next to downstream end of the channel. From 
the basin, water was pumped back to the upstream end through a pipe located under the bottom of the channel.  The 
channel bed slope, ܵ, was 0.0001, the water depth,݄, was 0.37 m, and the bulk velocity, ܷ, was 0.4 m /s.  These 
hydraulic conditions were maintained until the end of the experiments. 
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To trace the water movement, flow tracer particles (Eco-foam) were poured uniformly over the water surface (Fig. 
3). The so called seeding was performed at the upstream of the interested area while the camera was recording the 
movement of the particles passing through the interested area. The tracer particles were biodegradable eco-foam 
peanut which are granular packaging materials made of predominantly corn syrup. These particles have low inertia 
and submergence, therefore they are able to follow accurately local flow movements.  The size of the particles was 
about 2 cm, large enough to be detected by the camera [8]. In this study, the seeding particles were uniformly dispersed 
over the water surface to avoid velocity-estimate errors caused by grouping (clustering) of particles and not having 
representation in all areas of the flow field. However, high velocity gradient in the flow and the particle-to-particle 
electrostatic force might induce the aggregation of the seeding particles [5].The density of the seeding material was 
in the range between 10 and 30 percent of the surface area. In this range, the error in surface velocity estimates was at 
the lowest level [9]. 
To record particle movements on water surface, the camera on top of the interested area was turned on. As it was 
mentioned previously, framing frequency of the camera and total recording time where affected by the time and length 
scales of turbulence flow and any disturbances in the flow. Length scale of macro eddies, ܮ௫ in stream wise direction 
at the free surface area was determined as follow: 
௅ೣ
௛ ൌ ͲǤ͹͹ܤଵ (1) 
where ݄ is water depth in meter, ܤଵequals 1.0 for bed shear Reynolds number ܴ݁כ ≥ 1600, ܤଵ equals 1.1 for ܴ݁כin 
the range of 600 and 1600.  The Reynolds number,ܴ݁כ, was computed as : 
ܴ݁כ ൌ
௨כ௛
ఔ  (2) 
where ݑכis shear velocity in meter/ second, and  ߥ is water kinematic viscousity (1.1 x 10-6 m2/s).  The shear velocity, 
ݑכ, can be calculated as ݑכ ൌ ߩ݄݃ܵ. Where ߩ is water density (998 kg/m3), ݃ is gravity acceleration (9.81 m/s2), and 
ܵ is bed slope (0.0001).  Given ܵ = 0.0001, ݄ = 0.37 m, and ܷ = 0.4 m /s, and using equation 1 and 2, it was found 
that ݑכ = 0.36 m/s,ܴ݁כ=ͳǤʹݔͳͲହ,  ܤଵ = 1, ܮ௫ = 0.285 m. 
Time scale of macro eddies, ࣮, can be approximated as: 
࣮ ،ܮ௫Ȁܷ (3) 
that gives ࣮ = 0.71 seconds. Based on the relation between time scale, ࣮, and total sampling time, T, and assuming 
the level of turbulence was 20 %, the required measurement time or sampling time,  equals 150 seconds or 2.5 
minutes at the level of error = 2.5 %. In this study, the total recorded time was decided to be 10 minutes.   
The maximum frequency occur in the turbulence body is fm=(50/3.14)(U/h) = (50/3.14)(0.4/0.37) = 17.2 Hz. 
According to Nyquist criterion, sampling frequency fs should be larger than 2fm, this means the capability of the video 
recorder must be larger than 24.4 Hz or 25 frame per second. The camera used in this study has a capability of 
Fig. 1. Two halogen lights were placed surround the area of interest (expansion-
constriction area) to obtain perfect illumination for the area. Curtains were used 
to protect the facility from uncontrollable lights coming from outside the 
experiment area. 
 
Fig. 2. Six reference points (A, B, C, D, E, and F) 
assigned exactly on the water surface. These point-
coordinates were required as inputs in image distortion 
corrections. 
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recording 30 frames per second, an ideal equipment for performing LSPIV technique [5].  
The video recorded in the lab experiment was discretized into a sequence of images with a time step of 0.033 second 
and then analysed in LSPIV. To analyse the sensitivity of Interrogation Area (IA) to results of LPIV (e.g., average 
longitudinal and lateral velocity vector U and V), seven runs (Run no. 1 to 7) were performed by assigning different 
values for IA, e.g. 90, 80, 60 50, 40, 30, and 20 pixels, respectively. IA= 90 means the area of IA is 90 pixels by 90 
pixels.  SA consists of four sizing components viz.  Sim, Sip, Sjm, and Sjp (Fig. 4) where “i” denotes the longitudinal 
direction, “j” denotes the lateral direction, “m” stands for minus, and “p” stands for positive. Constant sizing 
component values were assigned for those seven runs, e.g. Sim = 10 pixels, Sip = 5 pixels, Sjm = 5 pixels, and Sjp = 
5 pixels. Assigning Sim = 10 pixels means the IA will moves as far as 10 pixels forward from the center of SA.  At 
the opposite, assigning Sip = 10 pixels means the IA will moves as far as 10 pixels backward from the center of SA. 
 
In contrast, the sensitivity of Searching Area (SA) to average longitudinal U were studied by performing seven runs 
(Run no. 8 to 14) with constant IA value (IA=90) and different Sim values for each run. In this study, only Sim were 
varied, viz.  Sim = 1, 2, 3, 5, 7, 8, 9 pixels, respectively. The values of Sip, Sjm, Sjp were 5 (five) pixels for all runs. 
The U and V were observed at 14 (fourteen) selected points A, B, C, D, E, F, G, K, L, M, and N (Fig. 5). Point A, 
B, C, D, E, F were assigned around the centre line of the channel, the main flow could be observed in this zone. Point 
G, H, I, and J were located at the right side of the channel (facing to the flow direction) where the flow pattern is 
different from the core flow. Similarly, point K, L, M, and N were specified at the left side of the channel where the 
swirling motion can be observed trough these points. 
 
Fig. 5. Observation points. Inset: flow direction. 
 
Fig. 3. The tracer particles moved following water movements in the interested 
area while a camera was fixed on top of this area recording the event.     
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4. Results 
The results of the first 7-run (Run no. 1 to 7) were presented in Fig. 6a and b that shown a plot of IA versus U (Fig. 
6a) and IA versus V (Fig. 6b) monitored at point A, B, C, D, E, F, G, H, I, J, K, L, M, and N. On the other hand, the 
results of the second 7-run (Run no. 8 to 14) were presented in Fig. 7 that shown a plot of Sim versus U monitored at 
point A, B, C, D, E, F, G, H, I, J, K, L, M, and N.  The dashed red lines represented the velocity vectors obtained from 
point A, B, C, D, E, and F (U (Fig. 6a and b) which were located at the core flow region (Fig. 5). The blue solid lines 
represented the velocity vectors predicted at point G, H, I, and J near the right wall (facing downstream). The black 
solid lines shown the velocity vectors predicted at point K, L, M, and N closed to the left wall (facing downstream). 
The LSPIV method was also successfully captured the flow structure in the interested area with swirling motions were 
present in the left and right wall regions as demonstrated in Fig. 8 that showed the flow streamlines. 
 
      (a)             (b) 
Fig.6. Sensitivity of Interrogation Area IA to (a) longitudinal velocity U, and (b) lateral velocity V observed at point A to N. 
  
            Fig. 7. Sensitivity of Sim to longitudinal velocity U at point A to N.  Fig. 8. Flow streamline in the wall-expansion. 
5. Discussions 
5.1. Sensitivity of U-estimate to IA 
In Fig. 6a, the solid blue lines for right wall region (point G, H, I, and J) and the solid black lines for the left wall 
region (point K, M, and N)  depicted quite constant values of U with IA. This means that the longitudinal velocity, U, 
were not sensitive to IA at the wall regions. This can be associated with the fact that the magnitudes of U were very 
low at these regions. An exception was found for the solid lines of point L in Fig. 6a.  This line demonstrated 
observable changes of U magnitudes with increasing IA. This might occur as this point was close to the main flow 
region such that the U magnitude at this point was quite large, close to the one in the flow region. On the other hand, 
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the dashed red lines for core flow region (point A, B, C, D, E, and F) demonstrated rather fluctuating values of U with 
IA. Thus, the velocity, U, were sensitive to IA in the core flow region. The reason that the U magnitudes were large 
in the core flow region can explained why U was sensitive to IA in this region.   
5.2. Sensitivity of V-estimate to IA 
At main flow region (point A, B, C, D, E, F), the magnitude of lateral velocity, V, was apparently less sensitive to 
IA. The change of V was not significant (Fig. 6b), the plotted results constructed almost straight line (see red dashed 
lines in Fig. 6b). This may be caused by the fact that lateral velocity V is very small in the core flow region. The line 
of point B was an exception; this line was less constant compared to others, this may occurred due to the effect of 
longitudinal velocity U that might be also present at this point.   
At regions near the left wall (point K, L, M, N) and right wall (point G, H, I, J), the magnitude of lateral velocity 
V is sensitive to IA. The plotted solid black lines and solid blue lines in Fig. 6b demonstrated the distinguished changes 
of V with IA. This occurred because the lateral velocities V were quite significant near the wall regions where the 
swirling motion appeared. Shortly, one could conclude that the flow pattern contribute to the sensitivity of velocity to 
IA.  
The U and V magnitudes tend to be constant as the IA is larger than 80 pixels, based on Fig. 6a and b. Therefore, 
in this case, IA optimum is 80 pixels. Assigning values less than 80 pixels will results in wrong velocity prediction, 
while assigning values larger than 80 pixels will increase the computational time.    
5.3. Sensitivity of U-estimate to Sim 
Fig. 7 showed the change of longitudinal velocity U with increasing Sim. At the wall region (represented by solid 
blue and black lines), the U magnitudes tended to be more stable with increasing Sim. Compare to the core flow region 
(represented by dashed red lines), the U magnitudes changed significantly while the IA was increased from 2 to 3 
pixels. The predicted U magnitudes tend to be constant, both in the wall and the core flow region, as the Sim were not 
less 7 pixels. This means that the optimum value for Sim is 7 pixels, increasing the value more than the optimum value 
is meaningless, it could even increase the computational time and reduce the accuracy of results. 
5.4. Predicted values for U and V 
In Fig. 6a, all the dashed red lines showed negative longitudinal velocities, U-, while most of the blue and the black 
solid lines showed positive longitudinal velocities, U+. This means that the core flow has moved forward while the 
flow near the right and red wall has moved backward indicating the presence of swirling motions near the left and the 
right wall. This was depicted clearly on the plot of flow streamline shown in Fig. 8. The longitudinal velocities were 
more dominant in the core flow region than near the wall regions.The largest forward velocity, U-, was -0.56 m/s 
(closed to bulk velocity Ubulk=0.4 m/s) observed in the core flow region (point F, Fig. 6a), while the highest backward 
velocity, U, was 0.068 m/s obtained in left wall region (point N, Fig. 6a).          
Fig. 6b shown that lateral velocities, V, were in the range between 0.071 and 0.012 m/s. These values were much 
lower than longitudinal velocities (0.56 to 0.07 m/s, Fig. 6a). The red dashed lines tend to collapsed at V=0, the blue 
solid lines and the black solid lines tend to show negative lateral velocities, V-, and positive lateral velocities, V+, 
respectively. This means that the lateral flow was not present in the core region, the water near the right wall (facing 
downstream) has flowed toward the right wall with a maximum velocity of 0.065 m/s toward the right side recorded 
at point H. While, the water near the left wall has flowed toward the left wall with a maximum velocity was of -0.071 
m/s toward the left side recorded at point L. 
6. Conclusions 
The LSPIV method has successfully predicted the flow structure in the wall-expansion area. The velocity vector 
and the flow streamline developed by LSPIV could depict the core flow and swirling flow occurred near the left and 
right bank. In the main flow region, the longitudinal velocities, U, predictions were sensitive to the LSPIV parameters 
(e.g., Interrogation Area, IA, and Searching Area sizing components, Sim), while the lateral velocity, V, predictions 
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were not sensitive. This was due to the fact that the longitudinal velocity was major while the lateral velocity was 
minor at this region. Oppositely, in the wall region, the longitudinal velocities, U, predictions were not sensitive to 
the LSPIV parameters, while the lateral velocity, V, predictions were sensitive.   
Knowing the optimum value for LSPIV parameters could avoid wrong results and help saving the computational 
time. In this study, it was found that the optimum IA was 80 pixels and the optimum Sim was 7 pixels. Assigning 
values smaller than the optimum one will result in inaccurate velocity prediction, while assigning values larger than 
the optimum one will increase computational time unnecessarily.      
In this study, the magnitude and direction of longitudinal and lateral flow velocities were successfully predicted 
using LSPIV method. The maximum forward flow velocity, U-, was -0.56 m/s occurred in the core flow region. This 
value was closed to channel bulk velocity Ubulk=0.4 m/s measured using flow meters. The largest backward velocity, 
U+, was 0.068 m/s, obtained in left wall region (facing downstream) where the swirling motion occurred. The largest 
lateral flow, V, was 0.065 m/s toward the right side and -0.071 m/s toward the left side observed in the right and left 
wall region, respectively. The lateral flow velocities in the core flow region were closed to zero. 
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